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EXPERIMEO?TALINV5S!IGATIONOF THEEFFECTOF AN OSCILLATING

AIRsTRE.AM(KATZVfrnEFFECT)ol~TxizCHAR%CTaSTICSOF AIRFOILS.

By KerneisandGirault.

At therequestof theServiceTechniquede llAeronautique,

we carriedout,duringthesummerof 1923,a seriesof experi-

mentsrelatingto theactionof an ai.rstreamoscillatingverti-

callyon supporti-agsurfaces.Experimentsof thiskindhadpre-

viouslybeenrideby Mr.Katzmayr,Directorof theViennaAerody-

namicLaboratory.Theobjectof our experimentswas toverify

Mr.Katzmayrlsveryinterestingresultsand,ifpossible,toob–

tain-morecompletedataon theeffectof theamplitudeandveloc-

ityof theoscillationsof theairstream.

First,I willbrieflyrecalltheresultsobtainedby Mr.

Katzmayr. (See“Zeitschrii%ffirFlugtechnik’undMotorluftschif-

fahrt”of March31 andApril25,1922;alsoBulletinNo.7 of the

S.T.Ae.)

In thefird tests,thewingwasplacedin an atrstreamof

fixeddirectionand+heangleof attackwasmadetovaryperiodic-__

allyby oscillation.Fig.1 showstheresultsobtained.We see ...

thatwhenthewingoscillatesinan airstreamhavinga fixeddirec- -

tion,thepolarcurvebecomesnmreandmoreunfavorableas the

—.



.A

.-

A,

~,

r--

&-

N.A.C.A=TechnicalNoteNo.202 2

oscillationi-ncreasesin &rplitude.Th5pointscorrespondingto

a meanangleof attackseemto fall,on onellnewhich.converge~

toa singlepointor “pole.” Yhispci.:twouldcorrespondtoa

verylargeamplitudeof oscillationforwhichthewingwouldbe–

havelikea bodysu13jecttoonlyonedragandlift.

No newdatawereacquiredfromstudyingtheeffectof the

numberof oscillations(20to 50perminute)andthevelocityof

theairstream.In theseexperimentsthemdel oscillatedabout
.

an axisparallelto thespan.

Whenthewingwasmadetooscillateparallelto itselfand

perpendicularto theairstream,it wasfoundthatthepolarcurvee

werenotquiteso goodas when-themodelwaaat rest.

Ina secondsetof experimentstheairstreamwasmadetoos–

till-ateperpendicularto thespanof thewing,fixedin theusual

wayto theaero~ynanicbalance.Theairstream~asmadeto c~nge

itsdirectionby meansof deflectingbladesmechanicallyactuated.

Theresultsobtainedshowedconsiderableimprovementin thepolar

curve6. Theprincipaladvantageis thedecreaseof dragfora

givenlift- a decreasewhichbecomesmoreandmoremarkedas the

oscillationsincreasein amplitude.We evennoticednegative

dragsforquitegoodvaluesof lift.

Variousratesof oscillationweretried– from27 to 106per

minute- withoutanyappreciabledifferencein theresults-

Thelastsetof experimentsdealtwithsinmltaneousoscilla-

tionof wingandaiistream.Theoscillationsof thelatterwere ,
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suchas to teildto i.ncTeasetheangleof attackof thewingtoa

maximum.Itappearedt-satthissuperposing,ofeffectspreviously

obtainedseparately-S rmtfavorableforobtainifigbetteraerody–

Ob~ect.-Theseexperimentswereintendedto reproducesome

of Katzmayrlsexperimentsat theViennaAerodynamicalLaboratory,

tileresultsof whichwsregivenin the~Zeitsehriftf{rFlu@echnik

und Motorluftschi.ffahrt,*iNose6 and7, of March31,andAPril13S

1922.
He also~Topose~to ‘cocflPleteKatzmYrl.Sworkconcerningthe

“L effectof therapiditycf oscillation.

ExperimentalMethods.-AII theseexperimentsweremadein

No.1 windtunnel,2 n “(6.56ft.)diameter.

TheparaJ11310gza~ffbalancewasalso~~~, themodelsbeing

eithersusperiiedEy wizesor supportedfromthewalls.

Thedeviceforp:Gducingvariationsin thedirectionof flow

is showninFig.2. It consists“ofa unitof 13 symmetriebiconvex

bladesoscillatingabouthorizontalaxespassingth~oughtheenter- .

ingedgeof theblades.Oscillationiscontrolledby a setof

articulat@leverswithconnectingrodandcrank- Thecrankshaft

isdrivenat conGtantspeedby transmissiongearac~atedW a

smallelectricmotorwitha contimouscurrentof 120Lvolts-

Thespeedof themotormaybe regulatedby insertingresist-

ancesintheprimaryand secondarycircuita-Furthermore,the
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-i transmissiongearhasa threespeedbeltdrivepermittingthree

differentspeedsof oscillationforoneenginespeed.Thusallow

speedof oscillationcorrespon~sto 32CJ
L

~evolutionsof thecrank-
--7

ehaftand10Cosoillatfonsin90 seocnds,(1.11per second); mean

spe~.gives315revolutionsa-rid5.23oscillationspersecond.

Highspeeclgives302re~olutionsand10.06oscillationsper second-

Forthisrateof oscillationitwasnecessaryto strengthen

theattachmentsad supportsof thetransmissiongear.

with

Amplitudeof Oscillatio-n.-Theuppercrankshadbeenmade

a grooveforslidingia thepin.

Later,we foundit betteztodo anaywiththegrooveandhave

a numberof holeseachcorrespondin.qto

~ran~, Therelationbetweentheradius
.k lationisas follum:

Radiusof cyarl-~shaft:35mm (1.38

56.5mm (2.22ff II ![
d . T( 11 11 80nm (3.15

a definiteradiusof the

and ‘deamplitideof oscil–

in.) Amplitude:+ 10.25°

in.) [1 f 16.75°

in=) II t 23.1°

PreliminaryMeasurements=Calibrationof SpeEds‘ofAirflow.

Theoscillatingbladesplacedin thetunnelaffectedthemeas-

urementsof Fnemeanspeedin functionof staticpresmre, Hs,

, measuredat theusualoritice(orificeNo.3).

(a)HorizontalBladesatRest●

Withthebladesin a horizontal
:ti-

tributionof speedalonga horizontal

position,we studiedthedis-

diametercorrespondingto
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thezoneoccupiedby theleadingedgesof thewingstestd.

~ TheresUltsof thisinvestigationaregivenin TableI and
P

showninFig.3. ~ be%meenthefigpresFe seethattheratio ~~

givenby thestandardpitottubeandthoseat theorificeof

staticpressurevariesverylittlealongtheuholeof We horizon-

taldiameterinvestigated.We observeonlytwosingularpoints

(markedod and2g)forwhichtheratioismuchmorevariable.

Thesepointsarethoseat mbichthestandardpitottubeisplaced

to therearof thesuspensionwires(centerboltandleftattach-

-4

mentof forwardwires).Thedisturbancedueto theseobstacles

isquitelocalandwhenthestandardPitottubeis moveda few
~millimeterstoeithersideof tilesingularpointtheratio Hs

reassumesitsnormalvalue.

% applicableforexperimentswithbladesThemeanvalueof ~
ALs

at resti= thus:

Pe
~= 1.o6
s

Thecorrespondingmeanvelocitywilltherefore

v~ = 16 X 0.85X 1.06Hs = G

be:

fora density0.85of theliquidused in themanometer.

A rapidinvestigationof thedistributionof spe~ alonga

verticaldiameterwasalsoverysatisfactory.

NOTE.-Whenthereareno bladestheratio ~ hasa meanM H~
valueof 0.99fortheopentunnel.Itwou~dappealthatthemean

speedbehindthefixedbladesisincreasedby 3.5%by thepresence
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of theblades.Thisincreasemustdisappearrapidlywithdistance

fromtherearof theblades- In theplanof themaximm

sectionof thebladesitviculd,doubtlessbe equalto the

thecorrespondingsectionsof passage.

cross-

ratioof

(Thebladeshavinga meanmaximumthicknessof 20mm (.787in=)

anda ‘ttallengthof about20 m (65.62ft.),theareaof passage

vezticalto ‘&ebladeswouldbe 3.1sq>m- 0.4= 2.7sq.m(29.06

Sq.ft.). Thecorrespor.dingincreaseof speedwouldthereforebe,

theoretically,3.1— = 1.15,-)2.’7

(b)Measuremeritof speedof airflowwhenthebladesareMovi.n~

(Anplitude~ 10.25°)-

PlacingthestandardPi-tottubeat themark(1d) at 85 mm

(3.35in.) to therightof thecenter,we firstverifiedthatthe
~

ratio Hs wasva?.idat thispointforvariousspeeds(seeTable

IIa).

We thusfoundthatthemeanvalue ‘- = 1.056isconstantH~
withinthespeedlimitsusefulforthetests-

Then,leavingthestandardPitot‘cubein thesameplace,We

setthebladesoscillatingat themea-nrate.(6oscillationsper

second).Theresultsare showninTableIIa. We seethatthe

meanvaIueof theratio % becomesHs 1.092,indicatingan increase

of speedof 3.4$whenthebladesaremoving.

But thisresultrequiredconfirmationbecausethestandard

ritot
&

might

tube~emainingfixedin theoscillatingair,itsreadings

dependon theobliquityof theairflo~.
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We thereforemountedanotherPitottubeon a windvanehaving

a horizontalaxis.

directionof which

latingairflow.

We had thus

wouldalways

an adjustablePitottubethemean

be vezynearlythatof theoscil-

In thefirsttesttheadjustablePitottubewasplacedat

1 d withthebladeshorizontalandfixed(TableIIal);under
Pe

theseconditionsthemeanvalueof R; wasfoundtobe 0.97.

Thebladesweretheusetinoscillation(6persecond)(TabIe

IIhF),whenwe found ~~ = 0.995, thatis,
2an increasein V of

2.5%.

Thesametestwaethenmadewitha pntimometerfixedat 1 d.

Thisinstrumentwasthoughttobe themostsuitable,forit is

peculiarlyinsensitive

to itsplane (unless,

tochangesof directionof thewitinormal

of course,thevariationsreach* 100).

Withthepmwottieterfixedat 1 d andthebladeshorizontal

andfixedwe obtained(TableIIIa) ~ = 1.486+

Withthebladesoscillatingat therateof 6 persecondwe

~= &2.obtained(TableIIIb) Hs

The increasein V2
1.522

‘s ‘bus 1.486= 1“025’ thesamefigure

thatwe hadfoundwiththeadjustablePitottube.

Undertheseconditionsthemeanspeedof theairstreamwhen

thebladesareoscillatingat a meanrateof 6 per secondwillbe

givenin functionof Hs by theratio:

‘J Vm2= 14.42X 1.025HB = 14.8Hs.

Withthesamepneumometerandby thesamemethod~e determinedthe

.
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meanspeedin thecaseof slowoscillation(1.17persecGnd).
.-
%We thenfound ~~ = 1.05’7,thatis an increaseof 1.057. Tie

speedin fu~ctionof Hs will

v~2 = 1-2.42x

Lastly,in thecaseof 11
Pn—= 1.51,Hs or an increasein

Vn~= 14.4zx

be givenby

1.057H= = 15.24Hs.
& .

oscillationspersecond,we found

T2 of 1.016,whence

1.f)16= 14.67Ps.

Otherspeedmee.su~ementswerema3eby M. Brasierby meansof

variouswindmillanerrio-meters.A specialreporton thesewillbe

drawnup by M. Brasier.

Studyof theVariationofDirection.

(a)Usecf?ii~dVanes.- In theoscillatingairstzeamwe tried

severaltypesof wih.ivaneswithhorizor.tziaxee,

A dihedralvix:dvane(similarto thatusedby Messrs.TOus–

saintandLepereon airplaues)wasmounteda~ve a verticalmast

and connectedwitha deviceforrecordingthemovement.

Itwasfoundtoyiel~fairiyeasilyto the forceof the air-

streambutwhenthespeedof thewindchanged,theamplitudeand

perhapstherateof oscillationvariedconsiderably.

A windvaneof theConstantinetypebroughtto thelaboratory

by Mr.Idrac,hadmoremazkeddefects.Itsinertiawas-ch

thatitdidnotmovewhentheoscillationswereat t’herateof

6 persecond,thoughtheamplitud~of theoscillationsof theair

nuskhatiebeenof theorderof ~ 10°.
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Theconclusionie thatmechanicalwindvanesaretooinert

k tobe affectedby rapidvariationsof direction.

(b)Useof silkthreads.- Silkthrea~sfron10 cm (3.94in.)

to 12 cm (4,72in.)longseernedmuchbetterforthepurposeandwe __

utilizedthemfordeterminingtheamplitudeof oBciIlationof the

airstream.Photo~rap-nowere taken

satisfactoryaccuracythe angleat

the threadunder theactioi~of the

Witha crankradiusof 35mm (

lowingangles:

on whichco!~ldbe notedwith

thetopof thesectorsweptby

ai~strea~.

1.38in.)me measuredthefol-

Amplitudeofoscillationof a silkth~eadin theai.rstream.
A .— .

VelocityV = 21 m (68.9ft.) 25m (82ft.) 27 m (88.6
ft./see.)1 OSC.persec. + 90 + 9.25° +-9.25°

4 6 ‘[ }’ r’ +10° -1-9.75°

Duringthecourseof theexperimentswe wereledti re-measure ,_

theamplitudeof oscillationof theairstreamin functionof the

speedofoscillationandthespeedof thestxeam.

Forthesemeasurementswe againutilizeda silkthreadb~t,
●

reducedits lengthto about60mm (2.36in.)in orderto

act thei-nertiaof thethreaditself.Moreover,i~.stead

w photographywe trieddirectobservationof thethreadby

asightwitlna graduateddial.,“
We thusmde thefollowingmeasurements:

counter-

of using

meansof



.

N.A.C-A.TechnicalNoteNo.”202 10

1. Maxi-mmdeflectionsof theairstreamwhentheb~~es a~e ..
at rest.

Thegreatestdeflectionof theairstreamwhenthebladesare

at restandarebroughtfirstto thelowest,thento thehighest

possiblepoGitiondependsverylittleon thevelocityof theair-

stream.
.-,>

,!
Forf 10.25°in thebladeswe measure* 9.5°by thesilk

thread.

Forf 23.1°in thebladeswe measure* 20.5°by thesilk

thread.

At rest,theangleof dev~ationof theairstreamis thus

equalto0.91of theangleof deviationof theblades.

Fromthisme concludetinatfor* 16.750in thebladeswe

shallhavef 15.2°in theairstream.

2* Vari?%i~nscf amplitudewithrateof oscillation.

Forthesamevelocityof theairstream(V= 26.3m = 86-29

ft./see.)we measuredthefollowingamplitudes:

Amplitudeofblades= f 10.25°

Rateof
oscillation

( 1 per sec.
(

V + 26.3m (86,29ft,)/sec.( 6 !, [1
(

Amplitudeof
stream

f 9-25°

f 8.25°

/10 “ “ 311.5°
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Foramplitudeof bla~es= ~ 23.1

Rateof
oscillation

( 1 per sec.
V = 24-8m (81.36ft-),’sec.((~!l,!

11

Amplitudeof
stream

i 18.5°

Foramplitudeof blades= f16.7’5°

Rateof .4mplitudeof
oscillation stream

v= 26”3m (86.29ft.)/see. ( 6 per sec. t 12*75°

Thesezesulisareplottedin Figs.10 and11 wherewe see

thattheamplitudeof thewindfi?stdecreaseswhenthebladesare

movingslowlyandincrea~eswiththeincreaseof therateof oscil-

lation.

Forthesamecpeedof oscillationandthesamevelocityof

thewind,ti~eamplitudecf theairstreamisstillproportionalto

theamplitudeof thebladesbutthedegreeof proportiondepends

on the“numberof oscillationsper second.

Forinstance,for6 osci.lhtionspersecondanda speedof

26 m (85,3fti)theamplitudeof theairstreamis equalb O-78

of theamplitudeof t’aebladeB.

3. Variatiomm?anplitudewiththespeedof theairstream.—

Forthesameamplitudeofblades(t10.25°)andat thesame

speedof oscillationwe measur~ L.hefollowingamplitudesin

functionof thevelocityV of theairstreaml

f
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\
10 06cillation8persecond

v= 55.43ft. 48.23ft. 68.24ft. ?6.77ft
10.80m 14.7 m 20.80m 23.40m

Amplitude= *14.5° ~12*oo ~11*5° +11.5°

3-2

86,12ft.
26,25m

*11.5°

6 oscillationsper second. *
v. 29+53ft. 41.83ft. 58*O7ft. 74.47f+, 86.29ft. .

9.00m 12.75m 17.7 m 22.7 m 26.30m

Amplitude= f 9.25° 2 8.25° i 8.25° t 8° t 8,25°

1 oscillationpersecond.

v= 36.75ft. 53.31ft. 68.24ft. 78.41ft. 86.94ft-
11.2 m 16.25m 20.8 m 23.9 m 26-5 m

& Amplitude= ~ 8° ~ 90 ,t9.50 ~ 90 t 8.5°
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are plottedin Fig.11. We seethatat speeds

m (49.2ft.)/see.theamplitudeof theairstream

varieslittleand has alwaysa slighttendencyto diminishas V

increases.

ButforIowspeedsV, thoseof theorderof ma~itudeof

thenumberof oscillationspersecond,theamplitudeof thestream

increasesratherrapidlyas thespeeddecreases;a similarresult

was foundfora blade~~plitudeof i 16.75°02 * 23.1°.

~oTE.- We seethatthevaluesof theamplitudemeasuredby

thesilkthread37 thelattermethodareslightlylowerthanthose

obtainedwiththeGilkthreadandphotography.We thinkthatthe

measurementslastgivenaremoreaccuratetkn theformerbecause

thethieadwasveryshortandhadthereforeverylittleinertia.

Someine~tiadid,however,remai-nandwe cannotpositively

affirmthattheamplitudeof oscillationof theairwasquiteac–

curatelyreproducedby thethread.

silk
(c)Experimentswithstripsof silk.- A stripof veryligh~

2 m (78.74in.)longand10 cm (3.94in.)widewasex~sed to the

actionof theoscillatingairstream.Observingthestripthrough

a strotiscope,we sawthatit describedregulazundulationscorre-

spondingprettycloselyto theactualundulationsof theairstream=

Suchstrips,examinedthrougha kinetoscopeor stroboscope

wouldthusseemveryconvenientforstudyingtheverticalundula-

U
tionsof thewind.

— — — —
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Determinationcf theFosttionof thebladesforobtaining: _

a fi.nr~z>~i~alairskreama—..—

Beforebeginnivgtomeasurethespeeds,we hadtosetUP a

horizontalairstreamwiththebladesat rest.

Forthispurpcsewe appliedthemethodof invertingthewing.

We firsttriedwitha symmetricalbiconvexwing(SC173)butfound

a simpleconvexwing(SC11-6)moresatisfaatcr~~sincetheanglesof

attackcouidbe neasuzedwithgreaterfacilityendaccuracy.

Theresultsof theseie~tsaregivenin7ableIVandplotted

inFig.3.

We seethatthetladepositioncorrespondingtoa horizontal

airstream~illbe ctia~acterizedby an angleof -0.2”atleverNo+4,

chosenae referezc.s,We alsonotethatthebladeshadtobe turned

by an anglep~acti;allyequaltothedeviationtobe obtained.

ThisconfirmstLep~~vio~zsdataon theze~ati.onbetweeatheampli-

tudeof theblademcvementsandtheamplitudeof theoscillations

of theairstream.

Inourexperimentstheseamplitudesarepracticallythesame,

whilein Katzmayr’stheamplitudeof theairstreamoscillations

wasabouthalfthatof thebladeosci.llations-We believethat

thisdifferenceof res~ultsis

L ployeda verysmallnumberof

andtheyaffecttheairstream

dueto thefactthatKatzmayrem-

bladeswhilewe havea greatmany

inalmostitsentireheight-
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Experimentswitha Supw~tingWing.

The~xperimen~swezemadewiththewingSC 100 (S.T.Ae.No*

17 A). Thedimensionsof themodelwexe720x 120mm (28.3X

4.72in.)withan aspectratioof 6. A parallelogrambalancewas .
t

u~-edandthewingwassuspendedby wires.

spe@ ofairstream= 30m (98c4ft=)per SeGS

(a)Effectof the-FJmsenceof fixedblades---Thebladesbeing

placedin the-positionforobtaininga horizontalairstream,the.
polarcurveof thewirigSC 100wasdeterminedin theusualway~

Theresultsa~egivenin TableV, andplottedinFig.4 and-5+

On thesame

wingin the

S.T.Ae.No.

platesareplottedtheresultsrelativetothesame

a.bseuceof blades. (ResultsextractedfromBulletin

3.2.)

in Fig.4 we freethattheunitcurves CL arealmostif not

quiteunaffectedby thepresenceofblades.Theveryslightdif-

ferencebetweenthesecurvesisof theorfierofmagnitudeof ex-

perimentaltestsforthe

gardsthe CD, theunit

givenby theexperiments

measurement

curveshave

in presence

theother. Thisshouldpreferablybe

of thecharacteristicproductVx?)

(55.97squarefeet)per secondin one

(39.83squarefeet)per secondin the

shown ia Fig&5 evidentlypresen’-the
L

sweep●

(

(

3fangles(f 0.20)- As re-

thesamesweep,butthat

>fbladesis constantlyabove

attributedto the influence

whichis 5 squaremeters

case,and3.7squaremeters

other. Thepolarcurves

same staggerandthesane
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Lafitly,in TableVI we givetheresultsrelatingto the same

u wingfora muchlowerwindvelocity.

Thisvelocityreachesa meanValueof only 9.30m, thatis,

V x b = 1.15sq.m(12.38sq.ft.)per sec. In thisexperimenta ver;;

smallarchof thetunnelwasuseda~ a support,thewingbeingat–

tachedtoitby meansof fork~ointsandsmallrods. Theinflue-

nce of thissupportiscertainlynegligible.

Theseresultsareplottedin Figsj4 and5. InFig.4 we see

thatthe CL curvescorrespondingto a givenangleareweakez

thanthenormal CL cu~-~es.Thisagaiamustbe imputed.to thein-

flueilceof Vb.

AS a matterof fact,we how thatthe CL mxrvesobtainedfor
* Vb of lessthan2 sq.m(21.53sq.ft.)per see,,areweakerthan

thosefora velocity~eater than2 sq.mper sec.

* Theeffecton the CD aurvesis stiI.1moremarked,especially

forlowlifts.

Briefly,theeffectof thepresenceofbladescannotbe

olearlydemonstratedby theGeexperiments,becauseit islinkedup

withtheeffectof thevelocity.We maylhowever,saythatthe

influenceof thebladesBhouldbe almost,ifnot entirelynegligi–

bleatvelocitiesgreaterthan3.5sq.m(37.6’7sq.ft.)per sec.

(b)Effectof thebladesin oscillation,Katzmayreffect.

1stseriesof exp.eriments.

In TablesVII,VIII,andIX,we givetheresultsplottedin

Figs.6 and7 whichareobtainedby makingthebladesoscillate
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witha meanamplitudeof t 10°andat ratesof 1.17,6 and11oscil.
v lationsper second.

able

also

Meanspeedof airstream= 26 m (85.3ft.)per secon~.

FOYthesemeasurementsthebalancewasfittedwithan adjust–

dashpotfordampingtheoscillations.

Theresultsobtainedarerepresent in Figs.6 and7$ which

givetheuni’~arycurvesandthepolascurveof thewing,when

thebladesazeat restandhorizontal.Itis obvio-~sthattheuni-

tarycurves CL aPP~Oacbtilenoi..alcurver.orecloselyas t’neos-

cillationnumberincreases.

b

.

TheunitarycurvesCD wellillustratetheKatzMyreffect

withnegativeresistancesovera considerablerangeof anglesof —
attack.An iacreasein theoscillationnumberappearstohavea

favorableeffect.

Inanyevent,therei= occasiontonotethatti~eamplitudeof

oscillationof theaii’stream(measuredby thesilkthread)increases

slightlywiththenumberof oscillations.Underti~eseconditions,

theimprovementin thepolarcurveswiththeincreasein theoscil-

lationmayhe imput~ inpartto thecor~elativeincreasein the
.

amplitudeof oscillation.

2ndSerieBofEx-ceriments.

A second~eriesof experinenisat a ver~lGWvelocityOf .

theairwasrmdewiththesamewing. Theobjectof this

decreaseof velocitywas todiscoverwhethera notablede-

creasein thewevelengthof theoscillating~{indaffectedthe

results.Experimentswere~de at a mea~velocityof9.30me-

—
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wave lengthsat 1, 6 and10 oscillations
w per secondwererespectively9.30m (30.51ft.),1.55m (5.09ft.),

and0.90m (2.95ft.).

Fortheseteststhemodelwassupportedby a rigidwallBuppozt

as previouslydescriked.

Theresultso-otainedaregivenin TablesX, XI,andXII. They,

areplotted

polarcurve

We see

inFigs..6and9j andcomparedwiththecorresponding

inpreseneeof fixedblades.

thattheseresultsconfirmthosep~eviouslyobtained

as re~zds theKatzuayreffect.Thebestresults~howevez,are

obtainedwiththeshortestwavelength.Thatisdoulrtlessbecause“

in thiscasetheamplitudeof oscillationof,theairstreanis

greatlyincreased(* 16.5°hasbeenmeasuredon thesiikthread). “

Thustheeffectof wavelengthcannotbe-quiteclearlyevolved

fromthefietests.

3rdSeriesofl?xperiments.

Effectof theAm-olitudeof Oscillation.-On thesamewing —
SC 100we 6tudied’theeffectof theamplitudeof oscillationfora

rateof 6 oscillationspe~ secondandamplitudesof theairstream

equalrespectivelyto2 12.r150and~ 17°.

Theresultsobtainedare,giveninTab~esXIIIandXIVand

plottedin Figs10,11,12 and13.

We seethatas amplitudeincreasestheunitcurves CL are

moreandmoreinclined.Or,ino’.herwords,whenthe CL curve

ifigreaterthan..2,theliftfora givenangleof attacktendsto
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decreaseas amplitudeincrea6es.Yor CL curz~eslessthan.2,

thephenomenonisreversed.

As ~egardsthe ~ curveswe see that t’he

wit-h theamplitu~.e.In Pig.12areplottedthe

minimum % curvein functionof theamplitude

Therepesenta.%ivecwve hasa sirmsoidalsweep

reductionincreases

variationsof the

of oscillation.

andwoulddoubt-

lessreacha miniuumforan amplitudeslightlyhigherthan* 20°b

Lastly,in Fig.13 we seethatthepolarcurvessweepmore

andrmretotheleftas theamplitudeincreases.

~ificUs6ionof Results,

We mayC-iw.racterizetheintensityof theKatzmayreffectbY

thevariationsACg and ACL measu~edon theunitcurvegwith

respectto thesamecurveswithoutoscillationof tineairstream>

We maya~socharacterizetheintensitycf theKatzmayreffect

by thevariation~AC~ measureson thepolarcurvesforone

singleCL curve.:ieshouldaddthecorresponding’variations

Aa fort’heangleof attack.

t Thusin Fig.13me haveplottedthe~ariationsof LCD in

functionof CL forthevariousamplitudesof thestream.Start-

ingfrom tlnesecurveswe ‘havenotedtinevariationsof ACD for

thesame CL curveiilfuncti~nof theamplitudeof thestreamt
> Thesevariationsareplottedin Fig.14. Fig.15 showsthesame

variationsreferredto theamplit’fleof oscillationof theblades.

—.
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We mayutilizethegroupof curvesin Fig.14 fortakinginto

accounttheeffectof theincreaseof amplitideof theairstream

in experimentsconcerningtheefiectof thespeedof oscillation.

(SeeFigs.l’,8 and9.)

Ih Fig.7 ~e havetheresultsrelativeto onea]ldthesame

bladeamplitude3 10.25°withratesof oscillationvaryingfrom

1 to 11per second.FTomFigs.10 and11we seethatthetrue

amplitudesof theaizstreamwere:

For1.1,’7OSC.per see, Amplitudeby silkthread= ~ 8.5°
116.1’’’” !1 II 11 Jr = t 8.3°

r! 11 :[ rr 11 IT II II rr :12.0°=

The‘polarcurves(1)a,nd(6)referringto ~peeds1 and6 are

veryneartogether,chieflyforthe CL curveslowerthan50or

55. Fromthea’~mvetablewe seethatthetrueamplitudeis also

thesame.

on ~L~eCol>tI’aTy, forthepolarcurve(11)referringto the

speed11,a correctionumstbe wadetobringit to amplitude

~ 8-5 , takingintoacco-dntthe CD curvesof FigG.14 and15.

Obviously,thesecorrectionsareempiricalandimplicitly

asmme thattheeffectof amplitudeof o~cillationisalgebraic-

allyaddedto theeffectof wavelength.

Still,inapplyingtheqecorrectionswithinthe limitof the

valuesof CL for nhichthe cuzvesin Figs-14 and15havea ree

ularsweepzwe findthatthepol~zcu~ve(11)of Fig.7 wouldbe

notablyshiftedto theright,A sipilarresultis obtainedwith
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thepolarcurve(10),

Ifwe admitthat

eludethattheeffect

rather,theeffectof

FigG.8 and9.

suchcorrectionsareallowaL~le,we mustcon–

of theincreaseof rateof oscillation,or

thedecreaseof wavelengthin theairstream,

resultsin considerableattenuationof %e intensityof theKa,tz-

mayreffect.

Tnisconsiderationisparticularlyimportantin seekingthe

Katzmayreffectina naturalwind. InPint of fact,we think

thatifthewindhasdegreesofoscillationin theverticalplane,

theKatzmyreffectmu~tshowitselffrequent~yon airplanesfly-

ingii~a highmind. !3utourpersonalobservationhasneverled

us tonctesucha phenomenon.(Wearereferringhereto thenumer-

ousandpe~manentnotesmade of airplaneperformancesduringthe
,

war.)

Itwouldseem,however,thatthewindrmstpossessthisdegree

of libertyin theverticalplane,butonlyat an altitudeat which

theinfluenceof thegroundisnegligible.

It seems~ US logicaltosupposethatthemanifestationof _

theKatzmyreffecton ordinaryairp~anesifidue to thefactthat

the‘wavelengthsof thenaturalwindareprobablytooshortfor

thenomal chordsof thewingsof theseairplanes.

In spiteof theuncertaiiltywhichslbsists,itdoesnot seem

A im~ssiblethatsuchis thecase. And thereforetheKatzmayref-

fectinthenaturalwindshouldbe soughtpreferablyon narrow

surfacesh
a

!, — —
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Withthisobjectinview,we have
*

namicbalancewithwhichwe shallseek

natu~alwind. *

4thSeriesof ExpeTimentB,

We also experimentedwith a model

equippeda specia,laerody-

tie“&tzmayreffectina

wing SC NO. 6, with theob-

jeCtof bringingoutt>eeffectof wavelength.Theprofileof _

thiswingis givenh Fig.16. ItsdimensionsweTe: ● ——
-E,span.................0.600m (1.97ft.).

~,chord.................0.443~ (1.45ft.)

S,Area............. ...0.265sq.m(2.85Sqsft-)

b~ , .kspectratio.........1.36

Thechord0.442m (1.45ft.),beingverylarge,we hopedthat

theeffectof thedecreaseinwavelengthwouldbe moreclearly

k shownthanwiththewingSC 1~, thechordof whichwasaboutfour

timessmaller.

ThefirstexperimentswiththewingSCNO. 6, weremadewith

theusualwirebalance,

TheresultsaregiveninTablesXIX,XX,.xXI,andXXII,and.
areplottedinFigs.17 ati18.

Experimentson airveIocityof 26 m (85,3ft.)ard15.30m

(50.2ft.) persecondwerecarriedoutat thesamerateof oscilla- -

tion,.(6per second).‘ThecorrespondingwavelengthsweTed
26—=
6 4.35m (14.27$t.) afi ~ = 2.55m (8.57ft.).

k
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In Figs.17 and18 ‘reseethat‘~heunitcurvesardpolar

curvesareabsolutelycoincident.

Fe thentriedvithan airspeedof15.30m (50,,2ft.)andat

ratesofoscillationof 1.27znd10.6persecond.

InFigs.17 aad18 we seethattheunitcurves.andthepolar

curveat 10.6oscillationscoincidewiththoseat 6.

Onlytheunitcurvesandthepolarcurveat 1.27oscillations

differfromtheabove.

A secondsetof experimentswere~de,withthesameSC No.6

wing,utilizingthesimplifiedwallsup~rtpreviouslydescribed.

ized

Fave

and

Thea,irspeedwasabout6 m (19.68ft.)per secondandweutil-

thethreeratesof oscillationcorrespondingapproximatelyto

lengths~ = 4.75m (15,58ft.), ~ = I.00m ‘(.3.;28.f~*)~

6—= 0.57m (1.87ft,)10.6

TheresultsaretabulatedinTablesxV,LWI,.XVIIandXVIII,

of Fig.16. TableXV correspondsto theunitcurvesandthepolar

curveof thewingscNO.6 on itssupport,inpresenceof horizon-

talandfixedblades.~

Theseresultsareplottedin Figs.19 and20. We seethat .

thepolarcurvesimproveas thenumberof oscillationsincre5ses* .

Thisresultisagaincontrarytowhatwe hadassumedrespect-

ingtheeffectof wavelength.

Butas we previouslyremarked,in themhcleof theseexperi-

mentswehad to considerthedoukleeffectof wavelentihandof
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theincreaseof amplitudeof oscillation..
In Fig. 11 we see thatfor an airspeed V, of 15m (49.2ft.),

theamplitudesof oscination Ghould“oeapproximatelyas fo11OWS:

Rateof GFCil’~~~~n . ‘ 1 persecond.Amplitudet 9.5°
t

II TI II = 6 ‘I rr II i 8.25°
lr 11 1! = 10 ‘f [1 11 f 12.000

Undertheseconditionswe canunderstandthattheeffectof

decreaseof wurelengthfroa12m (39.37ft.) to 1.44m (4.72ft.),

mayhavebeenhiddenby theeffectof thecorrelativeincreasein

amplitudeof oscillationfrom8.25°to12°.

TheseGamecurves(Fig.11)do notenableus todeterminethe

!. amplitudescorrespondingtotestsat 6 m (19.7ft.)persecond.

Thesweepof thesecurvesshows,however,tliattheincreaseof am-

plitudefor6 and10oscillationsper secondis stillraremarked —*
at thislowspeedof theair. We canthusunderstandwhythe

polarcurvesin Fig.20 (SCNo.6) fallina,sinilarmayto those

foundwheninvestigatingtheeffectof amplitude,completelyhid-

ingtheeffectof tiledecreaseof wavelength.

In laterexperimentswe shalldoubtlessbe

clearlytheeetwoeffects.

Translatedf~omtheFrench
by ParisOffice,
NationalAdvisoryCommittee
forAeronautics.

abletoseparate
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N~RICAL TABLESOF RESULTS.
1

.

TableI - Disirib~tionof speedalonga horizontaldiameter.

.

Ref.Marks
Hs

Standard
Pitottube}

P~ ‘
g

.
RefsMarks

Hs
Standard
Pitottube}

Pe
~

oil ld 2d 3d 4d 5d 6 d’”
70.9 70.0 70.0 70.35 7049 71.15 70~85
72.1 74.5 74.25 74.0 75*O 76.15 7’2.5

1.016 1.064 1.06 1.051
(a)

1-058 1.056 1●022

Og ~E3 Z“g 3g 4g 5g’ 6g
69.2 ’70.55 ?0.8 71.1 71.0 71.75 70.9
73.6 ?5.1 45.? 75.5 76.0 76.85 76.1

1.063 1● 063 0-645 1.061 1*O7 1.071 1-073,
. (b)

ExperimentWadeJuly15.(a)Pitottubetorearof
for~rdbolt.(b)pitot~be to rearof attachment
fitting.(g)

TableII– Vari&tiOnsrofPe— at point1 d in functionof speed.Hs
(a)Bladeshorizontal_andwithoutoscillation-

Ref.Marks Q.d. 1.d. 3 d.. 3.d_ 4Td” 5L3 6d
H* 48.9 50.9 53.4 58.8 66.9 70.0 70.5
P&””‘-’ 51.6 53.6 56.3 62.2 70.2 73.8 7’4.6
Pe ..
~“ 1.054 1.052 1.054 1.057 1*O5 1.055 1.055.-

(b)Bladeoscillation: 6 per second.

Ref.Marks 3“.g.. 4.g 5g 6g -. ...
Hs 48,7 53*1 59.8 67.0 ?3-2
Pe 53.2. 57*7 65.5 73.2 80.0
‘Pe 1.093 1.087 1.095 1.091g 1.092mean= 1.092.,
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TableII Cont.– SamestudywithadjustablePitottube.

Ref.Marks
H~
P*
Fe
&

Ref~Marks
HS
P~
Pe
&

TableIII

Ref.Marks
Hs
Pn

Ref.Marks
Hs
Pn
Pn
~

(a’)Bkdes horizontaland withoutoscillation.

Od ld 2d 3d 46
46.5 49.9 54 56.2 55.6
4-5.0 48.4 52.3 54.6 56.8

0.968 0.9? 0.97 0.972 0.971
Mean= 0.970

(b’) Bladeoscillation: 6 persecond.

lg zig ~g ~g 5g
46.8 ~009 55.5 59.8 67.0
46.2 50.0 54.8 59.5 67.0

0.987 0.982 C.98rl0.995 1.00
Mean= 0.995

- Sames“tudywithpneumometer.

5d 6d
61.3 64.3
59-2 62.3

0.975, 0.969

6g
67.3
67.2

0.998

(a)Bladeshorizontalandwithoutoscillation.

Od Id 2d 4d 5d
48.2 52.5 56-7 ;1!8 65.4 68.2
71.0 7’8.0 83.7 92.0 97.3 101*5

1.474 1.485 1.476 1.489 1.482 1.489
Mean= 1.486

(b)Bladeoscillation: 6 per second.

lg 2g 3g 4g 5g 6g
50.0 53.2 55.4 59.2 63.3- 67.0”.‘71.0
76.0 81.0 84.5 90.0 96-5 102.0 109.0

1.52. 1.522 1.525 1.52 1.524 1.522 1.535
Mean– 1.522

+
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TableIV – Investigationon bladepositionrequiredfor
horizontalairstream.

(Referenceadopted= controlleverof a medianblade.)

(a)LeverNo-4inclinedat -1O.

Angle~ -7° –4.05° -1° +2.05°
Hs 67 66.2 66,8 66

1
Normal

P –220 +660 1640 2600 position
P_
Hs

Angles
H~
P

-3.28 -’rlo 24.55 39.4 J

-8.1° -5.1° -2.p +1.05°
68.5 67.5 68.5 69.5

1
Inverted

180 -710 –1730 -2810 position
~ 2.63 -lo● 50 –25+25
Hs

-40.4 J
Conclusions:Difference-1.2°= streamdescendingby 0+6°

.
(’c)leverNO.4inclinedat -0.5°.

7
Angles -8.1° _5*~o _~=~o +1.05°
H~ 70 71.4 ?2 72.5

/

Inverted
. P 280 ..640 1695 -2800 position

P 4.0 -8.96 –23.5g -38.55

Conclusions:Difference–0.5°= streamdescendingby 2.5°- —

(c)LeverNo-4,horizontal(0°)

Angles -8.1 -5.1 -2.1 -2.1
Hs ?2.5 73 73*5 73.5
P 410

1

Inverted
-510 -1565 –2650 position

P_ 5.65 -7 -21-25
Hs

-36.3

Conclusions:Difference+3.8°= streamascendingby 1.9°.
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STUDIESON KATZMAYREFFECT.NUMERICALTABLES+

TableV – Polarcurveof wingSC 100inpresenceof fixedblades.

–11*.5° -8.5° -5.75° 2.8°
c:-- ,157

0.OO 3°
.06 .279 .496

@ ●019
.719 .921

.0157 .0186 .026’7 .04214 ●0593
a 6.0° 8.8° 11.9° 14.9° 16.9°
~L 1-098 1.26 1.37 1.412 1.328
CD .0625 .115 .1508 .1964 .2493

Experimenton wirebalance
v= 30m (9824ft.)per second.
Vb=3.7sq.m(39.83,sq.ft.)persecond.

TableVI - Anotherpolarcurveinpresenceof blades.

a –11-55° -8.20° –5.0° -2.20° +1.80° 4-45: 8°
CL *147 -+-:0565 .264 .42 .684 .916 *01117. CD .147 .0493 .0455 *05 .0525 .0763 .1047

.

Speed= 9.30m (30.51ft.)
Vb = 1.15sq.m(12.38sq.ft.)per second.
Experimentmadewithroofsupport.

Resultewithoscillatingblades(meanamplitudet 100).

TableVIX– Polarcurveof SC 100-Rateof oscillation1.17per
second(70perminute).Meanvelocity26.40m(86.6ft~)

a -11.5° -8.5° -5.8° –2.8° +0.05°
CL - .048 + .096 .278 .189 .6?3
CD + -0271 - .00736- .0178 -.:0093 + .0046

a 3.00° 6-00° 8.87° 11.95° 14.95°
CL .855 .993 1.075 1.137 1.17
CD -I-.0275 .0524~ .3046 .1556 .229

.
-,.
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TableVIII– Polarcur~”eoi SC 100–Rr.teof oscillation.6 per sec-
(360pe~minute)Me?.nvelocity25.90m (84.97ft.)

a –11.5° –9.!+’ –5.750 –2.8° +0.05°
CL .0515 -i-.068 .282 ,~~~ .72
CD + -0257 – .01.26-.01.6 - .CK)83 + .0062

a 3● 90° 6.i)Oe 8.85° 11.95°
CL .873 1.03 141.25 1.7.!35
CD .0284 .0543 .0$J85 .1471

~a~l~ Ix _ pplay cur.~e of SCloo– Rateof o~cillation11 per SeC*& —
(660permiuute)Ran velocity25.30m (83ft.).

a –10-5° _7v750 –4.8° -1.9° +1,05°
CL .0’?14 -t.17s .358 ,57G .77
CD + .0287 – .0348 - .0210 - .01CJ5 + .0045

a 3.95° 6.90= 9.75° 12.70°
CL .946 1.08 1.20 1.28
CD .0250 .0586 .0930 ;1598

TableX - Polarcurveof SC 103– Fateof oscillation1 per sec~

a -11.5° --Ei.2@”-5.0° _2.*~@ +1.2°
cL i038 109 .282 .423 .646

. CD .0552 + :0385 .00i6(?).0131 .0262

a 4.43° 8.0° Meanvelocity9.30m (30.51ft.)
CL :813 .945 Wavelength 9.30m (30.53ft.)
CD .0422 -0839 Amplitudeof stream~ 13:5

~ableXI -Polar curyeof SC 100--Rateofoscillation6 Per sec~.-..
\lf-J -D.50 -8.2° –5.0° _2,~@ +1=20
CL —, 11 + .102’ +“.30 -457 .65
CD -0403 .0123 .0074 .0146 .0239

a 4.43° 8,0° Meanvelocity9.39m (30,51ft.
CL .~~ 1.005 Wavelength 1.55m ( 5!% ft.)
CD .0446 .0867 Amplitudeof stream~ 10.5

h

.
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TableXII- Polarcurveof SC 100- Rateof oscillation10 per sec.
.

a –11.5 -8.2 -5.0 –2.2 +1.’2
CL .119 i-.1165 .308 b470 .66
CD .0338 + .00047 .0118 .00434 + .0071

a 4*43 8.0 Meanvelocity9 m (23.53ft-
CL .85 .985 Wavelength0.90m (2.95ft,)
CD .0205 .0538 Amplitudeof streamf 16k5°)

TableXIII- Velocity6 OSCA Amplitude~ 12.75°

a -13.3° -10.30 -?.34° -4.37° *1.4%
CL -* 119 + .0408 .179 .314 4503
CD .0551 .0147 .01732 .0489 .0475

a + 1.55° 4.52° 7.49° 10.l?O
CL .692 .832 ,96 1.07
CD .0247 .0116 .0576 .1267

TableXIV- Velocity6 OSC. Amplitude~ 17°~
.

a -10.4° -7.41° -4.46° 1*50° 1.57°
cL .024 *175 .3075 .463 .612
cD ● 0047 .0483 .07036 -0738 .0604

. a 4●44° 7.40°. 10.5° 13.25°
CL .763 .908 1.037 1.173
CD .0257 .0383 .0274 .2128

—
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STUDYOF KATZMA-fREFFEdT.AESOLUTECOEFFICIENTOF
.

POLARCURVESOF WINGSC-6.

Velocityof wind: E m (19.68ft.)per sec. Vxb = 3.6sq.m(38.75
sq.ft.j’sec.)

b = 0.600m (1.9?ft.) b/t= 1.36

t = 0.442m (1.45ft.)

Area: 0.2S50sq.m (2.85sq.ft.)

Profile andtableof o~dinatesaregivenin Fig.16.

TableXV - IsBladesImmobile

-7.6° -a.5° -1.~o 2,10 5.30 ~,go 12.15°
c; - -0078

15.4°
.126 .227 .348 .452 .595 .734 .831

CD .02’71.0251 .G304 .04’{8 .0645 .loss .1425 .188?

.
TableXVI– 11. TfithOscillatingBlades.

Ikteof cscillatiofi:1 persec.
..

a _7*Go -4.5° –1.4° 2.1° 5.3° 8.9° 12.15° 15.4°
CL - .0197 .1125 .~(33 .329 .443 .566 .684 ’778
CD ● 0416 .0257 ,(3243.0366 .0543 -0871 .1258 ~1833.

TableXVII– Rateof oscillation: 6 persec.

a -~>6° _J*50 -1*4O 2.1° 5.30 8.90 12.150 15.4°
CL - .026 .11.s7 .2~7~ .3344 *468 .591 .715 .82
CD .0346 .0210 .0Q33 .0360 .0560 .0344 .1338 .188

TableXVIII- Rateof oscillation: 11 persec.

a _~,~o _~r so -1..40 2=10 5.30 8.90 12.15° 15.40
CL – .045 .l@58 .2923 .344 .466 .591 .714 .824
CD .0382 .0179 .01?9 .0252 .0504 .0873 .126 .1814

>

.
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EFFECTOF YfAW&LENGTH

POLA!3CURVESOF ‘iiINGSC-6OBTAINEDWITHNTREBALANCE.

TableXIX- Rateofoscillation: 6 per second.

V_elocityof wind : 26 m (85.3ft.)per sec.

-7.7° -4.95° -1.80° l.lOO 4° 6.95°9,75° 12.70°15,65°
c; - .015 .093 .2075 .320 .408 .536 .648 .754 ,85
CD ●0345 .0206 .0175 .0259 .0432 -o? .1026 -143 .1944

TableXX - Rateof oscillation: 6 per second.

Velocity.ofwind: 15 m (49.2ft.)per sec.
a -7.7° –4.95° 1.85° 1● 10° 3.95° 6.95°
CL .0074 .1050 .215 .329 .441 .54
CD .0343 =0210 .0182 ,0273 .0452 -C616
a 9.75° 12.70°15.65° 18.50°
CL .643 .769 .851 .937. CD .1023 .1473 .1934 .2558

TableXXI– Rateof oscillation: 1.27per second.
.

Velocityof wind : 15 m (49,2ft.)per sec.

a -7.?0 -4.95° -1.80° 1● lo” 3.95° 6.95°
CL .0142 .090 .205 ●303 41.2 511
CD .0364 .0222. .0203 .0273 :0426 :0660

9.80° 12,70° 15.65° 18.55°
& .61 .729 .81 .086
CD .0988 .1434 .1911 .2652

TableXXII– Rateof o-sci.lla%i.on: 11 per sec.

Velocityof wind: 15 m (49.2ft.per sec.

a -7.7° -4.95° -1.85° l.lOO 3.95° 6.95°.2 CL .0232 .095 .2165 .306 .438 ●535
CD .0353 .0209 .0194 .0271 .0460 .0780

9.75° 12.?0° 15.64° 18.50°
:L .66 .’763 ● 86 ●95. 1% *1057 .14?9 ,1992 .2585

—.—
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Crankplatewith

“ &d’usta~e ‘ati’’-ExpER1mNTu ‘m’”YOR PRODUCINGA’ OSCILLATINGAl% ’”’All ‘

Thisdeviceis forthepurposeof re–
producingandcontinu:.~~Lheexperimentson
theKatzmayzeffect.Theinstallationwas
designedforusein eitheran openor closed
tunnel.It canalsobe usedforhighvelOcitY
of theairandforveryra id changesin the
~--- ~directiOn of the

1;
.—. -
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airstream.
A tiit of 3-3

deflectorsor mobile
—. _ . qhuttersis mounted

in the tunnelfor-
ward of the section
in whichthe models
are placed.These
shuttersare articulated

verticallyto their~ead.,
ng edgeandcanbe oscil-
latedby meansOf control
eversplacedat intervals
of i meter(3.28ft.).
or thispurposetheshutter:

.1 azecormectedwithtwo
!St. verticalrodsactuatedwith
4 an alternatingmovementby

meansof a rodandcrank
.—.. transmission(radiusof crank
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electricmotorby Deansof a
threespeedbeltdrive.

Elevation.
Longitudinalsection.

Fig-Z.(continuedonnext
twopages.)
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